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Neurons are critically dependent on sufficient supply of
oxygen and glucose When this supply is subcritical, as
in ischemia, the signaling pr o c e s s e so ft h en e u r o n sa r e
altered due to synaptic transmission failure [1] and
decreased rates of the molecular ion pumps needed to
maintain transmembrane ion gradients [2]. These
changes are partially reflected in the electroencephalo-
gram (EEG), as this is a sensitive measure for global net-
work function, reflecting extracellular currents, mainly
from synchronous activity of pyramidal cells [3]. Model-
ing a neural network suffering from ischemia may
further improve our understanding of the effects of
ischemia and the relation with the EEG. This may con-
tribute to improved methods for diagnosing pathologies
related to ischemia and hypoxia.
The electrophysiological behavior of a single neuron,
which we calculate with a Hodgkin-Huxley type model,
depends heavily on the intra- and extracellular ion con-
centrations. These are usually assumed to be constant,
because the molecular ion pumps (ATPases) of the neu-
rons and glia maintain the concentration differences
needed for the generation of action potentials. During
ischemia however, the required energy (ATP) for the
pumping process is not fully supplied anymore and
these concentrations change. This is calculated by inte-
grating the average fluxes of the individual ion species
across the cell membranes, following an approach simi-
lar to those used by Dronne [4] and Cressman [5].
The pump rates are assumed to be linear with the
total energy use of a cell, for which Michaelis-Menten
kinetics depending on the oxygen concentration are
assumed. These concentrations depend on the position
of the cell relative to the blood vessels.
With a model for the behavior of a single neuron dur-
ing hypoxia, the behavior of a network of these neurons,
perhaps with different properties, and the resulting EEG
signals can be simulated.
We will present our first results of the influence on
the electrical activity of the oxygen supply to the cells in
the network.
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